Objectives: To describe procedure-specific types, rates, and risk factors for postdischarge (PD) complications occurring within 30 days after 21 groups of inpatient general surgery procedures.
plications that occurred PD (78.7%, 69.4%, and 62.0%, respectively). For all procedures, surgical site complications, infections, and thromboembolic events were the most common. Occurrence of an inpatient complication increased the likelihood of a PD complication (12.5% vs 6.2% without an inpatient complication; P Ͻ .001). Compared with patients without a PD complication, those with a PD complication had higher rates of reoperation (4.6% vs 17.9%, respectively; P Ͻ.001) and death (2.0% vs 6.9%, respectively; P Ͻ .001) within 30 days after surgery; those whose PD complication was preceded by an inpatient complication had the highest rates of reoperation (33.7%) and death (24.7%) (all PϽ .001). After adjustment, PD complications were associated with procedure type, American Society of Anesthesiologists class higher than 3, and steroid use.
Conclusions:
The PD complication rates vary by procedure, are commonly surgical site related, and are associated with mortality. Fastidious, procedure-specific patient triage at discharge as well as expedited patient follow-up could improve PD outcomes.
Arch Surg. 2012;147 (11) : [1000] [1001] [1002] [1003] [1004] [1005] [1006] [1007] T HE IMMEDIATE POSTDIScharge (PD) period is a vulnerable time for patients. Nearly 1 in 7 surgical patients captured in the Medicare fee-for-service program experienced potentially preventable adverse events that precipitated a hospital readmission within a month after the index hospitalization. 1 Given the attendant clinical and economic costs to the patient and health care system, the Patient Protection and Affordable Care Act has designated the reduction of avoidable rehospitalization as a target for health care cost savings; beginning in 2013, hospitals with high risk-standardized readmission rates will be subject to a Medicare reimbursement penalty. 2 To develop appropriate quality improvement interventions and potentially avoid reimbursement penalties, detailed data describing the burden of PD complications and their association with more serious adverse events among surgical patients are essential. An analysis of the effect of PD events on hospital quality performance using the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) 2006 and 2007 Participant Use Data Files showed that almost a third of postoperative complications occurred PD and that inclusion of PD events considerably affected hospital quality rankings. 3 In addition to a combined analysis of all procedures (outpatient and inpatient, specialty and general surgery), the ACS-NSQIP investigators separately examined a limited number of procedures (breast procedures, colectomy, pancreatectomy, and abdominal aortic aneurysm repair There is growing recognition that efforts to improve quality in general surgery will require a procedurespecific understanding of processes and outcomes. 5 To our knowledge, a comprehensive, procedure-specific analysis of rates and types of PD complications that occur among patients who undergo inpatient general surgery in the United States has not been done. In this study, we examine the frequency and types of PD complications stratified by procedure among patients who underwent 21 groups of inpatient general surgery procedures. We also evaluate the overall association between PD complications and rates of reoperation and mortality as well as risk factors independently associated with occurrence of PD complications. We hypothesize that a procedure-dependent differential risk of PD complications exists among patients undergoing inpatient procedures and that, overall, PD complications are associated with adverse events such as reoperation and mortality as well as modifiable risk factors.
METHODS

DATA SOURCE
We used data collected from up to 250 US hospitals participating in the ACS-NSQIP that were included in the Participant Use Data File from 2005 through 2010. Through record review and patient follow-up, trained surgical clinical reviewers prospectively collect data regarding preoperative and operative characteristics as well as 30-day postoperative outcomes of surgical patients captured in the database, irrespective of whether the patient is an inpatient, has been discharged home or to another facility, or has been readmitted to another hospital. A description of the structure of the ACS-NSQIP program and detailed definitions of all variables used in this study are available from the ACS-NSQIP Participant Use Data File user guide. 6 In this study, a PD complication was defined as one for which the interval between operation and complication was greater than the interval between operation and hospital discharge.
INCLUSION CRITERIA
This study was restricted to adult patients (aged Ն18 years) who underwent one of 21 groups of general surgery procedures in the inpatient setting. Inpatient and outpatient procedures portend different risks and patient cohorts 7, 8 ; therefore, outpatient procedures were excluded from this study. As per ACS-NSQIP protocol, inpatient vs outpatient status is assigned to each case based on the local institutional criteria for that distinction. 6 In this study, an inpatient procedure was defined as one designated as inpatient in the ACS-NSQIP Participant Use Data File or for which the hospital length of stay (LOS) was 1 day or longer. Patients who experienced postoperative complications for whom data regarding timing of the complication were missing (n=1239) were excluded from the study.
Primary procedures were abstracted using the Current Procedural Terminology code variable included in the ACS-NSQIP. To minimize the number of procedure groups without compromising clinical specificity, procedures were grouped together if their rates of PD complication were within a percentage point and grouping made clinical sense. The procedure groups used in this study were the following: (1) appendectomy; (2) cholecystectomy; (3) colectomy (colectomy with or without colostomy); (4) proctectomy (proctectomy with or without colectomy and with or without anastomosis); (5) anorectal (all other procedures involving the rectum and/or anus); (6) small bowel (small-bowel resections and/or other bowel procedures); (7) pancreas (all pancreatic resections and procedures); (8) 
BASELINE CHARACTERISTICS OF PATIENTS
Demographic characteristics included age, sex, race, residence, and functional status prior to surgery. Comorbidities included hypertension requiring medication; diabetes mellitus; history of chronic obstructive pulmonary disease; preoperative pneumonia; cardiac comorbidities including newly diagnosed or worsening congestive heart failure within 30 days prior to surgery, myocardial infarction 6 months prior to surgery, angina, and a history of cardiac surgery or percutaneous coronary intervention; peripheral vascular disease including revascularization and rest pain; liver disease defined as ascites within 30 days prior to surgery or esophageal varices; renal dysfunction defined as acute renal failure within 24 hours prior to surgery or as dialysis dependence (Յ2 weeks prior to surgery); history of paralysis (hemiplegia, paraplegia, or quadriplegia); altered mental status involving impaired sensorium within 48 hours prior to surgery or non-drug-induced preoperative coma; malignant neoplasm (presence of disseminated cancer or recent history of radiation therapy or chemotherapy); presence of an open wound prior to surgery; preoperative sepsis; and bleeding disorder. Operative characteristics included emergent vs nonemergent surgery, American Society of Anesthesiologists classification, operative wound classification as defined by the primary surgeon, prior operation within 30 days of the index surgery, operation time, and hospital LOS. For operation time and LOS, overall means are provided; in addition, operation time and LOS were defined as prolonged if they were greater than the calculated 75th percentile for any procedure.
OUTCOMES
Occurrence of any PD complication was the primary outcome of interest; its association with reoperation and mortality within 30 days of surgery was examined. All 21 types of complications captured in the ACS-NSQIP Participant Use Data File were analyzed. Complications were categorized as surgical site related (superficial, deep, and organ space and dehiscence); infectious (pneumonia, urinary tract infection, and severe sepsis or shock); venous thromboembolism (pulmonary embolism and deep venous thrombosis or thrombophlebitis); respiratory (reintubation and prolonged ventilator use Ͼ48 hours or failure to wean); renal (acute renal insufficiency or failure); cardiovascular (myocardial infarction, cardiac arrest, stroke, and bleeding requiring Ն5 units of blood); and other (flap, graft, or prosthesis failure, peripheral neuropathy, and coma).
STATISTICAL ANALYSIS
Bivariate analyses were performed using a 2-tailed 2 or t test for categorical and continuous variables, respectively. A multivariate logistic regression model was created to determine risk factors that were independently associated with occurrence of a PD complication. Odds ratios with 95% CIs were calculated. P Ͻ .05 was considered statistically significant for all analyses.
Data analyses and management were performed using SPSS for Windows version 19.0 statistical software (SPSS Inc). The ACS-NSQIP Participant Use Data File is a public database with deidentified data; therefore, this study was granted exemption by our institutional review board.
RESULTS
A total of 551 510 patients were abstracted. The mean age of the study sample was 54.6 years. Most patients were female (60.5%), white (74.4%), admitted from home (95.9%), and of independent functional status prior to surgery (92.9%). The most common procedures in the study were colectomy (17.1%), bariatric procedures (11.3%), and appendectomy (10.8%).
ANALYSIS OF PD COMPLICATIONS BY PROCEDURE AND TYPE
The overall complication rate within 30 postoperative days was 16.7%. As shown in Table 1 , the overall rate of PD complications was 6.9%; therefore, nearly 42% of postoperative complications occurred PD. The rate of PD complications varied by procedure, ranging from 1 in 7 proctectomy patients to 1 in 67 endocrine patients. Procedures with the highest rates of PD complications were proctectomy, enteric fistula repair, and pancreatic operations. Breast surgery, bariatric procedures, and ventral hernia repair had the highest proportions of complications that occurred in the PD period. When the relative contribution of each procedure to the overall occurrence of PD complications was analyzed, the top 10 procedures accounted for 82.5% of PD complications. The 10 procedures were (in decreasing order of relative contribution) colectomy (26.2%), small- bowel procedures (13.3%), bariatric procedures (6.6%), ventral hernia repair (6.6%), appendectomy (6.4%), cholecystectomy (5.9%), pancreatic procedures (4.9%), exploratory laparotomy (4.7%), breast procedures (4.3%), and gastrectomy (3.6%).
Overall, 25%, 50%, and 75% of PD complications occurred within 5, 9, and 14 days PD (Figure 1) . The 10 most common complications accounted for 90.9% of all PD complications; these were superficial site infection (31.1%), organ space infection (13.9%), severe sepsis (11.4%), urinary tract infection (9.7%), deep surgical site infection (7.3%), wound dehiscence (4.7%), deep venous thrombosis (4.0%), pneumonia (3.7%), septic shock (2.7%), and pulmonary embolism (2.4%). As shown in Figure 2 , the proportion of PD occurrence varied by type of complication; surgical site-related events encompassed the 5 complications with the highest proportions of occurrences PD. When analyzed by procedure, surgical site-and infection-related complications and venous thromboembolism accounted for most of the PD complications for each procedure ( Table 2) .
CHARACTERISTICS OF PATIENTS WHO EXPERIENCED PD COMPLICATIONS
Compared with patients who did not experience a PD complication, those who experienced a PD complication were slightly older and more often male ( Table 3) . They had slightly higher rates of diabetes, steroid use, and preoperative sepsis in bivariate analysis; they also had higher rates of American Society of Anesthesiologists class higher than 3 and had longer mean operation times (35 minutes longer) and LOS (3 days longer) (all P Ͻ .001).
Most patients (80.0%) who experienced PD complications did not experience a complication in the inpatient setting. Overall, the occurrence of a complication in the inpatient setting doubled the likelihood of occurrence of a complication PD (6.2% vs 12.5%, respectively; P Ͻ .001) ( Table 4) . The likelihood of a PD complication after experiencing an inpatient complication was particularly increased for endocrine (6.4-fold), bariatric (4.0-fold), and cholecystectomy (3.7-fold) patients.
The overall reoperation and mortality rates within 30 days of surgery were 5.6% and 2.3%, respectively. Nearly 22% of deaths occurred PD, of which 29.2% occurred among patients who experienced PD complications. Compared with patients who did not experience a PD complication, those who experienced a PD complication had a more than a 3.0-fold likelihood of reoperation (4.6% vs 17.9%, respectively; P Ͻ .001) and death (2.0% vs 6.9%, respectively; P Ͻ .001) within 30 days of surgery. The occurrence of an inpatient complication influenced the association between PD complications and rates of reoperation and mortality; a third of patients who experienced both inpatient and PD complications underwent reoperation, and a quarter died within 30 days of surgery (Figure 3) .
After adjusting for more than 20 risk factors in multivariate analysis, procedure type, in-hospital factors such a prolonged operation time and occurrence of an inpatient complication, and patient-related factors including a high American Society of Anesthesiologists class (Ͼ2) were among the factors independently associated with occurrence of a PD complication (Figure 4) .
COMMENT
There is a paucity of data describing PD morbidity among surgical patients. Large, population-level databases such as the Nationwide Inpatient Sample and the National Hospital Discharge Survey do not capture PD complications; the generalizability of PD data derived from the Medicare fee-for-service program for patients younger than 65 years is limited. Thus, the ACS-NSQIP offers a rare opportunity to examine PD complications among surgical patients at a multi-institutional level.
To our knowledge, this is the largest study of PD complications among inpatient general surgery patients in the United States. We found that more than 40% of all postoperative complications occurred PD; approximately 1 in 14 general surgery patients who underwent an inpatient procedure experienced a PD complication. Our findings confirm the results of the relatively few studies on surgical PD morbidity, which have consistently demonstrated a significant rate of PD events among their study samples; however, such studies often are complication specific or procedure specific. 3, [8] [9] [10] [11] [12] [13] [14] Types of PD complications in this study did not vary considerably by procedure and most often were surgical site or infection related. Although superficial site and urinary tract infections may be amenable to outpatient management, other common PD complications such as dehiscence and severe sepsis are often life threatening and require readmission. Readmissions have economic implications: a recent analysis estimated a nationwide readmission cost of $300 million annually for colorectal surgery. 15 Readmissions after pancreatic resections on average cost $16 000 16 ; surgical site infections alone add up to $5000 in health care costs per infection. 17, 18 We identified potential targets for future interventions intended to improve outcomes of surgical patients in the PD period. Based on our results, particular effort should be directed toward patients who undergo procedures associated with the highest rates (proctectomy, enteric fistula repair, pancreatic procedures, colectomy, and small-bowel procedures) or proportion of PD complications (breast surgery, bariatric procedures, and ventral hernia repair). Any patient who experiences an inpatient complication should be considered at increased risk for PD events. Because PD complication risk was associated with baseline complexity of illness and potentially modifiable factors such as diabetes, obesity, and use of steroids, our findings could facilitate identification of patients at increased risk and allow for targeted preventive interventions.
A number of strategies could decrease the likelihood of PD complications. We found that a prolonged operation time and occurrence of an inpatient complication increased the risk of a PD complication. Regenbogen et al 19 showed that intraoperative surgical Apgar scores-a metric derived from intraoperative estimated blood loss, lowest mean arterial pressure, and lowest heart ratecorrelate linearly with the likelihood of PD complica- tions after colorectal surgery. These results support efforts to prevent PD complications that start preoperatively with refined patient selection and optimization of their comorbid conditions and continue in the operating room with fastidious surgical technique. Patient-centered education regarding their continued clinical vulnerability after hospital discharge and focused counseling on proper wound care to prevent surgical site infections could curtail the occurrence of PD complications; complex, obese, diabetic patients as well as those on steroid therapy are in particular need of attention. Aggressive ambulatory measures and evidence-based venous thromboembolism prophylactic therapy of at-risk patients could minimize occurrence of venous thromboembolism after discharge. The far-reaching potential of telemedicine has implications for efforts to improve PD care; for instance, the utility of digital applications already being explored in plastic surgery could aid remote monitoring of impending surgical site PD complications among general surgery patients. [20] [21] [22] This study revealed that the 2-week period after hospital discharge is a particularly vulnerable time. Jencks et al 1 showed that approximately half of patients who develop PD complications and are rehospitalized are not seen by a physician in the 30-day interval between discharge and readmission. A 58% lower readmission rate for patients who saw an outpatient health care provider after discharge was recently demonstrated in a study of elderly patients with thyroid cancer undergoing thyroidectomy. 23 After recruiting a nurse practitioner to coordinate PD patient care, an inpatient surgery service reported a 50% reduction in emergency department visits. 24 Another study demonstrated a 44% reduction in 30-day readmission among patients enrolled in an interactive PD telemonitoring system. 25 These findings highlight the need for a triage system geared toward early, methodical, and cost-effective PD follow-up that takes into consideration the index surgical procedure, baseline demographic and clinical factors, and in-hospital events. Such a system may involve a checklist-aided discharge process and centralized electronic record keeping along with multifaceted recruitment of ancillary health care providers such as visiting nurses and expedited PD appointments with primary caregivers.
Limitations of this study include possibility of coding errors in the ACS-NSQIP Participant Use Data File; however, the ACS-NSQIP has been validated. 26 Markers of severity of illness and complications are not captured in the database; as such, it was impossible to explore the potential role of "early" hospital discharges on our results. Information on discharge destination, patient followup, readmission, long-term outcomes, health care provider volume, and hospital-level and cost-of-carerelated data is not included in our study period; thus, assessment of the relative clinical and economic relevance of inpatient vs PD complications was not performed. The database does not specify the timing of reoperation, so it was impossible to examine whether reoperations were predischarge events that represent a potential risk factor for PD complication or were PD events that represent a potential outcome of PD complications. A cause and effect relationship between PD complications and reoperations or mortality cannot be deduced. Complication rates may have been underestimated, as complications such as anastomotic leak, ileus, bowel obstruction, dehydration, and postoperative metabolic disturbances are not captured in the database. The strengths of this study include its multi-institutional nature, large sample size, and analyses of several general surgery procedures, all of which attenuate bias related to patient, procedural, and health care provider factors.
In summary, our analysis revealed that PD complications account for a significant burden of postoperative complications and are an important avenue for quality improvement in inpatient general surgery. More research is needed to develop and explore the utility of a cost-effective and fastidious PD follow-up system for surgical patients. Often excluded from databases, these data underscore the need for systematic collection of PD adverse event data to improve postoperative surgical care in the United States. 
